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ABSTRACT
Pollen evidence has proven to be a powerful forensic tool to trace a suspect or item to a
victim or a crime scene. This is possible because it is microscopic, abundant in nature, resistant
to degradation and decay; it presents dispersal patterns that can be used to generate a
‘fingerprint’ within specific areas, and has illustrated a unique morphology that can be used to
classify species. While the pollen grain morphology has been extensively used to characterize the
specific species, not much has been investigated as pertains to the coating that surrounds the
pollen grain aside from it being categorized as waste. This Master thesis focuses on the
qualitative and quantitative determination of the elemental composition of this coating
surrounding pollen via Inductively Coupled Plasma Mass Spectrometry (ICP-MS). Two
methodologies for sample preparation were compared: a complete digestion and analysis of
(i) the entire pollen and (ii) the surrounding pollen coating alone removed from the pollen grain
by Soxhlet extraction in ethanol. The goal was to discern the elemental composition of the
coating and its specific elemental composition in comparison with the whole pollen grain. The
results of both F-test and T-test performed for three pollen species indicated that, of the
19 elements investigated, B, Mg, Mn, K, Ti, and Cs resulted in significant differences between
the whole grain and the coating alone; while Se, V, Pb, Cr, Al, and Zn can be recognized as
being characteristic of the coating surrounding the pollen grain.
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CHAPTER ONE: INTRODUCTION
Pollen, particularly grass pollen, has been known to cause a variety of medical conditions
and atopic diseases, including asthma and allergies.1 Additionally, pollen has been used in a
variety of fields such as geology to date sediments, among other applications.2 The rationale
behind these applications is that certain characteristics of a majority of pollen species are highly
resistant to degradation and decay.
Palynology is the study of both modern and fossilized palynomorphs, such as pollen
grains and spores via their overall structural characteristics.3 Pollen has proved to be a great
source of evidentiary value particularly because it is microscopic, resistant to decay, and can be
easily missed by anyone other than an expert. For instance, pollen grains and spores can be found
in a variety of materials such as clothing, soil and dirt, illicit drugs as well as fecal matter and it
would be difficult to wash or brush away pollen over time from these deposit sites.2,4,5
The morphological characteristics of pollen have been used to classify different species
of pollen. This has proven to be beneficial for forensic palynology, the study of pollen and spore
evidence in conjunction with the law.4 Nevertheless, not many crime laboratories within the
United States have incorporated forensic palynology, particularly because of the necessary
investment. It is time consuming, requires a great amount of experience and expertise, and, due
to the field’s infancy, not much standardization has been developed to ensure adequate
collection, preservation, handling, and analysis of palynological evidence. However, the value of
this type of evidence has proven to be powerful in many instances since the first reported use of
forensic palynology in 1959 in which pollen found in soil was used to connect a suspect to the
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area within the forest in which a body was dumped upon the comparison of soil samples
collected from the suspects’ shoes.5
Currently, physical characteristics of pollen, including size, shape, aperture type,
sculpture, and wall structure, have been used in order to identify pollen species considering that
these characteristics have been shown, in the majority of instances, to be unique to each pollen
species.6 Therefore, in most laboratories, the expert classifies the pollen using its unique features
via microscopic examination. An issue with microscopic examination is its subjectivity. As was
implicated by the report by the National Academy of Sciences titled “Strengthening Forensic
Science in the United States: A Path Forward” published in 2009 by the U.S. Department of
Justice, more needs to be done in order to provide objective evidence and data analyses.7
Pollen is the microscopic male part in the reproduction of plants, ranges between 10-120
microns in length and is comprised of three layers known as the exine, the intine, and the central
core otherwise referred to as the protoplasm.6,8 The exine, or outer layer, is made of a substance
called sporopollenin. Due to the extremely resistant and tough properties of this material, which
has contributed to the preservation of pollen over time, it has been difficult to discern its exact
composition. Sporopollenin is known to contain a mixture of biopolymers, long chain fatty acids,
phenyl propanoids, phenols, and traces of carotenoids.6 The intine, or the inner wall of the pollen
grain, has been determined to consist of cellulose and pectin.6 Then, surrounding all three of
these layers is a coating, which consists of various fats and proteins. These variations among
each layers’ contents has led to the implication that more information can be assessed as a means
for characterizing pollen based on more than simply pollen and spore morphological
characteristics.
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The following study looked into qualifying and quantifying the elemental composition of
the coating surrounding pollen via inductively coupled plasma mass spectrometry (ICP-MS).
ICP-MS, is a standardized technique that has the capability to attain results with high sensitivity
and detection limits ranging from 100’s of parts per million to parts per trillion.9 Although pollen
has a low absolute mass, the ICP-MS was able to quantitate the elemental concentrations of the
pollen samples. Therefore, ICP-MS was chosen as the adapted instrumentation for our analyses.
In the following chapters, the overview of palynology in forensic crime labs over the
years is presented, in addition to the reasons behind the scarcity of its use. The usefulness of
pollen as evidence is then described so as to illuminate its strength as a means of association. The
current and standard analysis and sample preparation methodologies classify pollen based on
morphology. But it involves the possible destruction of evidence due to the use of harsh acids.
Therefore, a method is presented that looked into utilizing more than merely the physical
characteristics of the pollen grain, all the while still maintaining the integrity of the pollen grain,
enabling microscopic examination.
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CHAPTER TWO: LITERATURE REVIEW
According to Kevan A.J. Walsh, M.Sc. and Mark Horrocks, PhD., the field of forensic
palynology has not been integrated into many crime laboratory settings due to the fact that the
field is considered rather labor intensive and requires an abundance of expertise and experience.5
Additionally, there is no control over sample collection and the discipline suffers from
inadequate resources and funding.5 However, as indicated by the 2009 NAS report published by
the US Department of Justice, forensic science overall has been experiencing fundamental
backlash within most of its scientific disciplines explicitly due to a lack of reliability and
accuracy stemming from the lack of any type of standardization within the laboratory.7
Palynology as applied to forensic science can ultimately provide a good source of
association between a suspect or item and a victim, crime or crime scene. However, the
usefulness of pollen as trace evidence goes beyond morphology and lies in its abundance in
nature, varying dispersal patterns, its resistance to degradation, and microscopic size.10
Unfortunately, there is not a strong statistical ground, as the analysis of the evidence relies on the
expertise and experience of the expert. An article by M. Horrocks and K. Walsh evaluated the
strength and value of palynological evidence.11 There needs to be quantitative evaluation of the
evidence in order to display to the court the strength of the evidence – in which the authors
ultimately present utilizing a likelihood approach.11
Laboratories that do currently analyze pollen samples often use a destructive technique,
considered as the standard protocol utilized for sample preparation for analysis. In “Forensic
Botany: Principles and Applications to Criminal Casework”, a pollen sample can be collected in
a variety of media including but not limited to soil, mud, and sedimentary rock.6 The
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palynomorphs, or pollen, need to be extracted from any medium it is found in, and therefore
chemical processes are used such as: the addition of hydrochloric acid (calcium carbonate or
carbonate mineral removal) or the addition of hydrofluoric acid (removes silicate minerals –
including clay).6 These acids are rather destructive, but the heavy minerals and organic material
remain due to the tough, resistant nature of the pollens coating. Thus, acetolysis (addition of
sulfuric acid and acetic anhydride) is performed to remove the pollen coating. All these chemical
processes occur as a means for preparing the sample for microscopic examination.
In an article written by F. Schulte et al., a non-destructive method was presented in which
the characterization for the molecular composition of tree pollen via Raman Spectroscopy was
performed: elucidating to the presence of various biomolecules such as lipids, nucleic acids, and
proteins.12 The method introduced involved first snap-freezing all samples in liquid nitrogen not
long after collection and storing them.12 This ensured that the samples were ‘unaltered’ and thus
preserved for future use. Shortly before running analyses, these samples were thawed and placed
in a dessicator.12 No prior purification or extraction was performed on the pollen samples and the
resulting Raman spectra produced vibrational information on the structure, composition and
interactions between the classes of molecules present.12
In an article published in the Polish Journal of Food and Nutrition Sciences, M. Oroian, et
al. performed research that sought to determine the elemental composition via ICP-MS of honey
samples from the North East region of Romania.13 Their overall goal was to qualify and quantify
the elemental composition of honey to further enable the ability to classify said honey samples
into their respective origins.13 The study resulted in approximately 97% of the honey samples
being correctly classified.13 While this research was simply proposing yet another possible

5

avenue into analyzing the authenticity of honey, the concept of utilizing ICP-MS as a means of
attaining the elemental composition of material in which to discern and achieve a better method
for classification leads into the objective of the following research presented.
In summary, there is not a great amount of research that has gone into determining the
composition of the coating surrounding pollen grains or if it could be used other than being
considered mere waste of morphological analysis. This study presents a methodology that not
only maintains the characteristic pollen grain sample, therefore allowing microscopic
examination, but also extracts the pollen coating which can then be used for elemental analysis.
Then the elemental composition is determined by ICP-MS and analyzed to compare between the
complete elemental composition of the pollen sample and the composition exhibited on the
coating alone.
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CHAPTER THREE: METHODOLOGY
For this research study, three commercial pollen samples, two species of weed pollen and
one grass pollen, were purchased through Greerlabs (see Appendix A): Artemisia vulgaris,
Solidago, spp., and Phalaris arundinacea will be referred to by their common names: mugwort,
goldenrod, and canary grass respectively (Figure 1). As a means for comparison, both
non-defatted and defatted samples were purchased. Elemental standards (1000 ppb) were
purchased through SCP Science and the ethyl alcohol solvent through ACROS Organics. The
trace metal grade Nitric acid was purchased through Fisher Chemical and ACS, 29-32%
Hydrogen peroxide was purchased through Alfa Aesar.

Figure 1: Microscopic images for three commercial non-defatted and defatted pollen species analyzed: A.
Artemisia vulgaris (Mugwort, common); B. Solidago, spp. (Goldenrod); C. Phalaris arundinacea (Canary
grass, reed)
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To perform the elemental composition analysis within this study, an Analytik Jena
Plasma Quant MS ELITE ICP-MS was used. ICP-MS, a combination of an inductively coupled
plasma and a mass spectrometer, works by first converting the digested sample into an aerosol.
Then, the aerosol droplets are introduced into the argon plasma of the torch, which dries and
dissociates the molecules at the atomic level. An electron from each component is then removed
in order to create singly-charged ions which are finally analyzed by the quadruple mass
spectrometer based on their mass to charge ratios.
For each pollen species, a complete mass spectrum was obtained via ICP-MS. A mass
scan was performed in order to discern the elemental composition of the pollen sample as a
whole. This aided in determining which elements were present to investigate.
A Soxhlet extraction was performed in order to extract material from a solid of interest
based on the solubility of said material. To do so, a sample is placed into a filter paper, or a
thimble, and then placed into an extractor. An organic solvent, chosen based on the material of
interest, is heated which causes a build-up of vapors, which are condensed filling up the ‘sample
compartment’ until full, at which point the solution consisting of the solvent and the extract
drains back into the flask containing the solvent. For the protocol below, the amount of solvent
and the mass of the pollen sample utilized per trial was changed in order to accommodate the
conversion between the 125mL to the 25mL Soxhlet extractor set-up.
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3.1 Full Mass Scans via ICP-MS
The elemental composition of each pollen sample was determined via a full mass scan of
the complete digestion of each species. The elements analyzed were chosen via comparison of
each sample and two dilutions (10x and 40x).

3.1.1 Sample Preparation
For each pollen species, a complete digestion was performed. Around 0.100g of each
pollen sample was placed into a clean, labeled 150mL beaker. To the beaker, 4mL HNO3 and
1mL of H2O2 was added. The beaker was placed onto a hot plate at a temperature of ~70°C. If
the sample evaporated, 3-4mL of HNO3 and 1mL of H2O2 was added and H2O2 was further
added drop-wise until the solution remained clear. Each sample was quantitatively transferred
from the beaker to an empty labeled 50mL vial and diluted with DI water to a 20mL volume. For
each pollen species, two dilutions (10x and 40x) were created.

3.1.2 Mass Scan via ICP-MS
For each species, the sample and the two dilutions created were analyzed via ICP-MS.
The full mass scans were compared between dilutions and species to determine which elements
were present in concentrations deemed measurable.

3.2 Sample Preparation
A method was designed in which the elemental composition of 19 elements was
determined for the three commercial pollen species presented: B, Mg, Al, Mn, Cu, Zn, K, Ti, Cr,
Co, Mo, Sn, Cs, Pb, Sr, Ba, Hg, V, and Se. A complete digestion (CD) of each pollen sample
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was performed in order to have reference of the total elemental content within each of the pollen
samples. In parallel, a Soxhlet extraction (SE) of the pollen coating was performed in ethanol.
Once the complete digestion and the Soxhlet extraction were performed on each pollen sample
for a total of three trials each, the complete digestion samples were diluted to volume and
dilutions were created whereas the soxhlet extraction samples had to be dried, digested and then
also diluted (Figure 2).

Figure 2: Complete digestion and Soxhlet extraction sample preparation protocol diagram for Mugwort trials
1-3 (MT1-MT3) – Same for other pollen species
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3.2.1 Complete Digestion
A complete digestion was performed on all three pollen sample types for a total of three
trials each. Approximately 0.030-0.040g of each pollen sample was placed into a clean, labeled
150mL beaker. To the beaker, 2mL HNO3 and 0.5mL of H2O2 was added. The beaker was
placed onto a hot plate at a temperature of ~70°C. If the sample evaporated, 1-2mL of HNO3 and
0.5mL of H2O2 was added and H2O2 was further added drop-wise until the solution remained
clear. Each sample was quantitatively transferred from the beaker to an empty labeled 50mL vial
and diluted with DI water to a 20mL volume. From the three trials performed for each pollen
species, two dilutions (8x and 75x) were created.

3.2.2 Soxhlet Extraction in Ethanol
First, approximately 0.030-0.040g of each pollen sample was weighed onto a 1” x 1’’
piece of filter paper, which was then folded well enough to ensure none of the pollen sample
could escape (Figure 3).

Figure 3: Design and folding of filter paper for pollen containment in the Soxhlet extractor

Then, 17mL of ethanol was added to a 25mL round bottomed flask, which was then placed
securely into a sand bath on top of a hot plate. The extractor (with the pollen sample) and the
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condenser were set up and the hot plate heated to approximately 180°C. The sample underwent a
total of 10 drains, which took between 60 and 90 minutes, before the apparatus was removed
from the sand bath and hot plate. Each sample extract was then quantitatively transferred from
the flask to an empty labeled 50mL vial which was placed in a fume hood to dry. Once dry, the
vial, lid, and dry extract were all weighed and recorded. The sample was then digested by
heating a beaker full of water to 70°C and the sample was placed, with 2mL of HNO3 and 0.5mL
of H2O2 into that hot bath for one hour. The samples were then diluted with DI water to a 20mL
volume. From the three trials performed for each pollen species, two dilutions (8x and 75x) were
created.

3.2.3 Sample Dilution Preparation
From the three trials performed for each pollen species, two dilutions were created, 8x
and 75x. For the 8x dilution, an empty 15mL vial with a lid was weighed. To the vial, 100μL of
solution D, 5μL of solution E, and 100μL HNO3 were added. Then, 3.6mL from the 20mL
sample created was placed into a syringe with DI water and was pushed through a 25mm syringe
filter into the 15mL vial. The vial was then diluted to a 10mL volume with DI water. For the 75x
dilution, an empty 15mL vial with a lid was weighed. To the vial, 100μL of solution D, 5μL of
solution E, and 100μL HNO3 were added. Then, 0.45mL from the 20mL sample created was
placed into a syringe with DI water and was pushed through a 25mm syringe filter into the 15mL
vial. The vial was then diluted to a 10mL volume with DI water.

12

3.3 Standard and Blank Preparation
A total of 5 standards were made to account for the varying concentration ranges of the
19 elements investigated in addition to creating calibration curves for each element (see
Appendix B). In order to make these standards, 5 different 1000ppb bulk solutions were made,
Solutions A, B, C, D, and E (Figure 4). Solution A was used directly when creating the 5
standards. For solutions B and C, a 10ppb solution was created (labeled B2 and C2) from their
corresponding 1000ppb solution. Solutions D and E were internal standards. Two were created in
order to account for both high and low elemental concentration ranges.

Figure 4: Bulk solution and standard set-up
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3.3.1 Preparation of Bulk Solutions
Solution A was created for Mg, B, Al, Mn, Cu, Zn, and K standards. First an empty
50mL vial with a lid was weighed and then 0.0508g of Mg, 0.0508g of B, 0.0518g of Al,
0.0514g of Mn, 0.0515g of Cu, 0.0507g of Zn, and 0.0519g of K were added via micropipette.
The vial was then diluted to a 50mL volume with DI water.
Solution B was created for Co, Ti, Cs, Pb, V, Mo, Cr, and Sn standards. First an empty
50mL vial with a lid was weighed and then 0.0508g of Co, 0.0503g of Ti, 0.0513g of Cs,
0.0511g of Pb, 0.0514g of V, 0.0503g of Mo, 0.0516g of Cr, and 0.0528g of Sn were added via
micropipette. The vial was then diluted to a 50mL volume with DI water. Solution B2 was a
10ppb solution created from the 1000ppb solution B. First an empty 50mL vial with a lid was
weighed. Then, 500µL of solution B was added via micropipette. The vial was then diluted to a
50mL volume with DI water.
Solution C was created for Ba, Hg, Se, and Sr standards. First an empty 50mL vial with a
lid was weighed and then 0.0511g of Ba, 0.0532g of Hg, 0.0514g of Se, and 0.0517g of Sr were
added vial micropipette. The vial was then diluted to a 50mL volume with DI water. Solution C2
was a 10ppb solution created from the 1000ppb solution C. First an empty 50mL vial with a lid
was weighed. Then, 500µL of solution C was added via micropipette. The vial was then diluted
to a 50mL volume with DI water.
Solution D and E were the internal standards, D to create a calibration curve for
high/medium concentrations and E for low/trace concentrations. For each solution, an empty
50mL vial with a lid was weighed. To solution D, 0.0511g of Sc was added via micropipette. To
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solution E, 0.0508g of In and 0.0511g of Bi were added. Both vials were then diluted to a 50mL
volume with DI water.

3.3.2 Preparation of Standard Solutions
Standard Solution 1 was created to contain 5/0.1/0.5ppb of solutions A/B2/C2
respectively in addition to the internal standards. Therefore an empty, labeled 50mL vial with a
lid was weighed and 100/200/1000µL of solutions A/B2/C2 was added. Then, 200µL of solution
D and 10µL of solution E was added to the vial. Finally, 400µL of HNO3 was added to the vial
and the vial was then diluted to a 20mL volume with DI water.
Standard Solution 2 was created to contain 25/0.5/1.0ppb of solutions A/B2/C2
respectively in addition to the internal standards. Therefore an empty, labeled 50mL vial with a
lid was weighed and 500/1000/2000µL of solutions A/B2/C2 was added. Then, 200µL of
solution D and 10µL of solution E was added to the vial. Finally, 400µL of HNO3 was added to
the vial and the vial was then diluted to a 20mL volume with DI water.
Standard Solution 3 was created to contain 50/1.0/1.5ppb of solutions A/B2/C2
respectively in addition to the internal standards. Therefore an empty, labeled 50mL vial with a
lid was weighed and 1000/2000/3000µL of solutions A/B2/C2 was added. Then, 200µL of
solution D and 10µL of solution E was added to the vial. Finally, 400µL of HNO3 was added to
the vial and the vial was then diluted to a 20mL volume with DI water.
Standard Solution 4 was created to contain 75/1.5/2.0ppb of solutions A/B2/C2
respectively in addition to the internal standards. Therefore an empty, labeled 50mL vial with a
lid was weighed and 1500/3000/4000µL of solutions A/B2/C2 was added. Then, 200µL of
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solution D and 10µL of solution E was added to the vial. Finally, 400µL of HNO3 was added to
the vial and the vial was then diluted to a 20mL volume with DI water.
Standard Solution 5 was created to contain 100/2.0/3.5ppb of solutions A/B2/C2
respectively in addition to the internal standards. Therefore an empty, labeled 50mL vial with a
lid was weighed and 2000/4000/7000µL of solutions A/B2/C2 was added. Then, 200µL of
solution D and 10µL of solution E was added to the vial. Finally, 400µL of HNO3 was added to
the vial and the vial was then diluted to a 20mL volume with DI water.

3.3.3 Preparation of Blank Solution
A blank solution was prepared to contain any solution aside from those that contained
elements under investigation. First a labeled 50mL vial was weighed and 200µL of solution D
and 10µL of solution E was added to the vial. Then, 400µL of HNO3 was added to the vial and
the vial was then diluted to a 20mL volume with DI water.

3.4 Auto-Sampler Set-up and ICP-MS Auto-Run
Once all of the samples were created, they were all inserted into test tube vials and placed
into the auto-sampler (114 samples, 5 standards, and 1 blank). The samples with the greatest
dilution, 75x, were run first following that the 8x dilutions. The parameters of the ICP-MS were
input into the application software (see Appendix C) and calculated concentration values for
each of the elemental standards were entered to replace the assumed values. The ICP-MS was
then set to auto-run, which took approximately 8 hours to complete.
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3.5 Data Analysis
3.5.1 Elemental Concentration Determinations for Each Pollen Sample
The initial ICP-MS analyses provided the concentrations (ppb) of each element within
their corresponding dilution. To obtain the concentration in either the whole pollen sample or its
coating in ppm, the following equation was used:

𝐶𝐶𝑆𝑆 =

{[(𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 × 𝑉𝑉𝑆𝑆 ) ÷ 𝐷𝐷𝐷𝐷𝑆𝑆 ] × 𝑉𝑉𝑂𝑂𝑂𝑂𝑂𝑂 }
𝑚𝑚𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

In the equation, the concentration value received via ICP-MS for each sample (CICPMS) was
multiplied by the volume of said diluted sample (VS), which was then divided by the dilution
factor of the sample added (DFS) – 3.6mL for 8x and 0.45mL for 75x. This value was multiplied
by the volume of the original diluted sample (VODS), and finally all was divided by the mass of
the initial pollen sample (mpollen). The concentration (in ppm) for each element for all three
replicates within each trial was then averaged. This resulted in an average elemental
concentration for each trial per species for both complete digestion and Soxhlet extraction
techniques (see Appendix D).

3.5.2 F-Test and T-Test Determinations
An F-test was performed on the average of the three trials per technique; of which
determined whether or not the variation between the concentrations for each element obtained
via complete digestion was significantly different from that attained by Soxhlet extraction. If the
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F-test indicated that the elemental concentration was of equal variance (F stat ‹ Fcritical, E), then the
T-test corresponding to an assumed equal variance was used. If the F-test indicated that the
concentration was of unequal variance (F stat › Fcritical, U), then the T-test corresponding to an
assumed unequal variance was used. The results of the T-test indicated whether or not there was
a significant difference between elemental composition of the whole pollen sample and its
coating: if tstat › tcritical, a significant difference was found and if tstat ‹ tcritical, no significant
difference was found.
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CHAPTER FOUR: RESULTS AND DISCUSSION
4.1 Examination of Pollen via Digital Microscopy
In Figure 5, the non-defatted pollen samples following Soxhlet extraction were examined
by digital microscopy (Keyence VH-ZST/VHX 6000) and were compared to non-defatted
samples purchased through Greerlabs (Figure 1). The grain per species maintained its physical
attributes to include: shape and structure. Therefore, the Soxhlet extraction in ethanol did not
modify the pollen grain allowing for further microscopic examination, unlike the Goldenrod
defatted sample from Figure 1, which was defatted in ethyl ether (see Appendix A).

Figure 5: Microscopic image comparisons of three commercial non-defatted pollen species prior to and
following Soxhlet extraction (SE) in ethanol: A. Artemisia vulgaris (Mugwort, common); B. Solidago, spp.
(Goldenrod); C. Phalaris arundinacea (Canary grass, reed)
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It was also apparent, particularly with the goldenrod sample following acetolysis, that the
integrity of the grain was not maintained (see Appendix E). It appeared that the grain burst and
provided no contrast therefore not allowing for imaging that discerned any physical attributes of
the sample.

4.2 Elemental Mass Spectra Results
Upon performing a full mass scan via ICP-MS (Figure 6; see Appendix F) for each of the
three pollen species investigated following complete digestion, a total of 19 elements present in
concentrations in which were deemed measureable, were chosen which included: B, Mg, Al, Mn,
Cu, Zn, K, Ti, Cr, Co, Mo, Sn, Cs, Pb, Sr, Ba, Hg, V, and Se.
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Figure 6: Full Mass Scan via ICP-MS for Mugwort
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4.3 Elemental Concentration within Initial Pollen Sample
ICP-MS analysis presented concentrations in ppb for each of the pollen trial dilutions.
For the elements that were present in the medium/high elemental concentration ranges (B, Mg,
Al, Mn, Cu, Zn, and K), the 75X dilution sample results were used for further calculations. For
elements present in the low/trace elemental concentration ranges (Ti, Cr, Co, Mo, Sn, Cs, Pb, Sr,
Ba, Hg, V, and Se), the 8X dilution sample results were used for further calculations. These
concentration values were then converted to ppm regarding the pollen sample that was initially
started with. Concentrations and standard deviation values were calculated using the averaged
concentrations of the three trials performed for each pollen species and methodology (see
Appendix G). Upon comparison, the majority of the concentration values from the complete
digestion of each pollen species proved to be greater than those attained via the Soxhlet
extraction, as was anticipated. However, many of the standard deviation values presented large
error bars, indicating that the concentrations per some elements between methodologies overlap.
Therefore, in order to determine if there was a discernable difference between concentration
values between methodologies, the F-test and T-test were performed.

4.4 F-test and T-test Results
The elemental concentrations for B, Mg, Mn, K, Ti, and Cs, post F-test and T-test,
presented a significant difference between concentrations and methodology performed over all
three pollen species, whereas the concentrations for Se, V, Pb, Cr, and Al presented no
significant difference (see Appendix G). Complete digestion infers that the elemental
concentrations calculated are representative of the entire initial mass of the pollen sample per
22

trial including the elemental composition pertaining to the pollen grain. The elemental
concentrations calculated for samples following the Soxhlet extraction are representative of the
extract, which presumably was the coating surrounding the pollen grain. Therefore, when the Ftest and T-test present a significant difference for the elemental concentrations between the
complete digestion samples and Soxhlet extraction samples, the resulting concentrations vary to
the point where the element(s) concentrations are attributed to all components of the pollen
sample (including the grain). When the F-test and T-test presented no significant difference for
the elemental concentrations between these two methodologies, this indicates that the grain does
not attribute to the concentration for these element(s); Soxhlet extraction presenting a means of
extracting these elements in totality while maintaining the integrity of the grain itself. The results
for Cu, Co, Mo, Sn, Sr, Ba, and Hg were inconclusive, providing significance variation that
proved inconsistent between elemental concentrations over methodologies and the three species.
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CHAPTER FIVE: CONCLUSIONS
The use of palynology in the field of forensic science is particularly scarce although
many articles and case studies have been presented which illustrate how powerful this type of
evidence can be. Current methods for analyzing palynomorphs are destructive to the sample.
Some advantages to the method presented within this master’s thesis are that the pollen grain is
not modified (destroyed) in our attempt to attain information about the pollen coating via Soxhlet
extraction. Therefore it is still possible to perform a microscopic examination of the grain. The
Soxhlet extraction method proposed involves less reagent consumption and through the use of
ICP-MS, the method is relatively efficient and can measure concentrations with detection limits
as low as the ppt range.
The qualitative analysis of three pollen species presented 19 elements which were further
quantified. One group of elements (Se, V, Pb, Cr, and Al) resulted in concentrations exhibiting
no significant differences between methodologies performed over all three pollen species and
therefore was recognized as being characteristic of the pollen coating. Their presence in the
coating only may be explained by either being an intrinsic part of its metallome or external
contamination from their original environment. If the elements could be attributed to a probable
biological source, this would infer the possibility of marker protein application.14 Se is an
essential nutrient for animals and microorganisms, and the appearance of Se only in the coating
may be explained by the presence of selenoproteins, such as glutathione peroxidase, formate
dehydrogenase, and selenophosphate synthase, which assists in normal cellular function.15 In the
case of external contamination, land and air pollution should be considerations. There have been
a variety of studies on heavy metal contaminants in soil which could contribute to heavy metal
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content within plants and therefore pollen itself.14, 16 Based on these studies, Co, Cu, Fe, Mn, Mo,
Ni, and Zn are essential elements that aid in the growth and metabolism of plants, while elements
such as Hg and Pb are not.14 Pollution is known to vary with location, and therefore the
concentrations for these elements may have a further application following further research.
The elements which resulted in a significant difference between methodologies
performed over all three pollen species (B, Mg, Mn, K, Ti, and Cs) indicate their presence in
both the grain and the coating. Further analyses could determine an overall elemental
composition ratio per the grain in relation to the coating.
Some elements had concentrations that proved inconsistent in significance between the
three pollen species (Cu, Co, Mo, Sn, Sr, Ba, and Hg). Nonetheless, a larger sample set would
allow statistical analyses, implicating a possible avenue for classification between species.
Further research could be conducted to determine whether or not there are similarities
between types of pollen grown in different locations or conditions based on the elemental
composition of the pollen coating extract collected. There has been some indication as to the
application of geo-location based on pollen assemblage collections for certain areas, which
correlates to the number of pollen and spore species identified within the area in which they were
collected. It seems appropriate to therefore propose the same inference based on the variations of
the elemental composition of pollen coating per pollen species.

25

APPENDIX A
POLLEN CERTIFICATES OF ANALYSIS

26

Figure 7: Certificate of analysis for Phalaris arundinacea (Canary grass)
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Figure 8: Certificate of analysis for Artemisia vulgaris (Mugwort)
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Figure 9: Certificate of analysis for Solidago, spp (Goldenrod)
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APPENDIX B
ELEMENTAL STANDARD CALIBRATION CURVES
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Figure 10: Elemental standard calibration curves
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APPENDIX C
ICP-MS PARAMETERS
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Table 1: Methodology ICP-MS parameters

ICP-MS Parameters
Parameter
Value
Flow Parameters [L/min]
Plasma Flow
Auxiliary Flow
Sheath Gas
Nebulizer Flow

9.0
1.20
0.00
1.12

Torch Alignment [mm]
Sampling Depth

5.0

Other
RF Power [kW]
Pump Rate [rpm]
Stabilization delay [s]

1.25
10
10

Ion Optics [volts]
First Extraction Lens
Second Extraction Lens
Third Extraction Lens
Corner Lens
Mirror Lens Left
Mirror Lens Right
Mirror Lens Bottom
Entrance Lens
Fringe Bias
Entrance Plate
Pole bias

-82
-525
-525
-450
93
63
37
5
-2.5
-90
-2

CRI [mL/min]
Skimmer Gas Source
Skimmer Flow

OFF
0

Nitrox 200
Flow [mL/min]

0
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APPENDIX D
CONCENTRATION CALCULATION DIAGRAM
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Figure 11: Whole pollen sample concentration calculation diagram
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APPENDIX E
KEYENCE IMAGE FOR GOLDENROD – ACETOLYSIS
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Figure 12: Microscopic image comparison of a commercial non-defatted pollen sample prior to and following Acetolysis: Solidago, spp.
(Goldenrod)
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APPENDIX F
FULL MASS SPECTRA

38

Figure 13: Full Mass Scan via ICP-MS for Goldenrod
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Figure 14: Full Mass Scan via ICP-MS for Canary grass
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APPENDIX G
DATA COLLECTION TABLES

41

Table 2: Elemental data collection for Mugwort

MUGWORT
Element
B
Mg
Al
Mn
Cu
Zn
K
Ti
Cr
Co
Mo
Sn
Cs
Pb
Sr
Ba
Hg
V
Se

Concentration (CD)

Concentration (SE)

134.11 ± 34.6
43.54 ± 9.56
1398.54 ± 88.9
349.32 ± 344
64.95 ± 14.8
63.9 ± 20.6
25.92 ± 1.51
7.31 ± 2.00
25.29 ± 0.817
15.90 ± 2.86
606.25 ± 161
311.45 ± 345
5745.27 ± 377
1195.32 ± 83.8
57.94 ± 5.80
13.81 ± 3.45
17.44 ± 15.3
7.80 ± 0.161
0.2833 ± 0.136
0.1944 ± 0.0300
0.3418 ± 0.0952
0.2722 ± 0.105
39.98 ± 31.8
16.12 ± 7.56
0.2703 ± 0.0266
0.02440 ± 0.00187
0.4561 ± 0.156
0.4200 ± 0.316
3.127 ± 1.23
1.008 ± 0.594
2.010 ± 0.156
0.4462 ± 0.206
0.3450 ± 0.0143
0.3228 ± 0.0108
2.047 ± 0.341
2.788 ± 0.286
3.495 ± 1.41
5.883 ± 1.45
* Significant Difference Found
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F-Test (Variance)

ttheo

texp

E
E
E
E
E
E
U
E
U
U
E
E
U
E
E
E
E
E
E

2.776445105
2.776445105
2.776445105
2.776445105
2.776445105
2.776445105
4.30265273
2.776445105
4.30265273
4.30265273
2.776445105
2.776445105
4.30265273
2.776445105
2.776445105
2.776445105
2.776445105
2.776445105
2.776445105

4.36964959
5.120550152
0.071949646
12.87752052
5.473429641
1.340762179
20.3872685
11.32975134
1.090640866
1.102063656
0.852259466
1.264007061
15.94358274
0.177639378
2.687103356
10.4974358
2.148870596
-2.882931242
-2.045176659

Table 3: Elemental data collection for Goldenrod

GOLDENROD
Element
B
Mg
Al
Mn
Cu
Zn
K
Ti
Cr
Co
Mo
Sn
Cs
Pb
Sr
Ba
Hg
V
Se

Concentration (SE)

F-Test (Variance)

ttheo

texp

113.24 ± 11.9
32.70 ± 4.38
536.57 ± 101
72.70 ± 69.5
63.11 ± 8.05
83.42 ± 30.9
16.20 ± 0.777
9.10 ± 1.31
22.53 ± 2.49
12.59 ± 1.49
1439.17 ± 454
425.62 ± 430
4415.99 ± 323
1475.23 ± 68.4
38.14 ± 5.54
19.05 ± 2.56
9.030 ± 0.516
8.571 ± 0.304
0.4087 ± 0.302
0.2084 ± 0.0367
0.4031 ± 0.123
0.1189 ± 0.0113
13.54 ± 3.70
0.09274 ± 0.0111
0.02055 ± 0.00339
0.2218 ± 0.218
0.1618 ± 0.0499
10.13 ± 6.84
1.543 ± 1.05
3.710 ± 1.04
1.669 ± 2.02
0.3356 ± 0.00927
0.3142 ± 0.00389
2.721 ± 0.276
3.233 ± 0.135
5.645 ± 2.21
5.186 ± 0.479
* Significant Difference Found

E
E
E
E
E
E
U
E
E
U
U
E
U
U
E
E
E
U
** Saturated (-)

2.776445105
2.776445105
2.776445105
2.776445105
2.776445105
2.776445105
4.30265273
2.776445105
2.776445105
4.30265273
4.30265273
2.776445105
4.30265273
4.30265273
2.776445105
2.776445105
2.776445105
4.30265273

10.96613199
6.53062235
-1.041775415
8.0832219
5.929451219
-2.807850004
15.43979222
5.419368077
-1.32717827
1.139156875
3.973020856
10.74516418
0.463790115
2.148611639
1.556672844
3.688157017
-2.889451406
0.351192772

Concentration (CD)
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Table 4: Elemental data collection for Canary grass

CANARYGRASS
Element
B
Mg
Al
Mn
Cu
Zn
K
Ti
Cr
Co
Mo
Sn
Cs
Pb
Sr
Ba
Hg
V
Se

Concentration (CD)

Concentration (SE)

53.94 ± 4.39
22.28 ± 3.07
3637.33 ± 376
241.16 ± 141
115.45 ± 12.5
93.43 ± 23.8
106.74 ± 10.5
8.042 ± 1.24
31.86 ± 17.5
54.33 ± 60.8
513.51 ± 118
863.04 ± 92.2
1707.02 ± 385
112.99 ± 3.82
9.974 ± 0.882
9.522 ± 0.889
8.272 ± 0.216
0.4163 ± 0.0206
0.2257 ± 0.0175
0.5732 ± 0.0229
0.2089 ± 0.106
20.027 ± 21.8
14.167 ± 4.10
0.08771 ± 0.00477
0.01102 ± 0.00102
0.4775 ± 0.231
0.3835 ± 0.177
12.17 ± 0.884
1.479 ± 0.506
4.504 ± 0.197
0.6271 ± 0.189
0.3276 ± 0.00301
0.3188 ± 0.00677
3.044 ± 0.519
2.808 ± 0.0906
4.972 ± 0.329
5.611 ± 0.567
* Significant Difference Found
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F-Test (Variance)

ttheo

texp

E
E
E
U
E
E
E
E
E
U
U
U
E
E
E
E
U
E
** Saturated (-)

2.776445105
2.776445105
2.776445105
4.30265273
2.776445105
2.776445105
2.776445105
2.776445105
2.776445105
4.30265273
4.30265273
4.30265273
2.776445105
2.776445105
2.776445105
2.776445105
4.30265273
2.776445105

10.24300821
14.6542119
1.420671867
16.12126919
0.939546849
-4.033487672
45.52679721
2.365608454
12.19915654
5.812718478
0.45678714
27.22992245
0.559067808
18.17616142
24.58946423
2.063518321
0.77315532
-1.68789613
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